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Liquefaction Hazard Study, Wellington Region : Study Area 3 - Porirua Basin 1

INTRODUCTION

The Wellington Region is among the most seismically active areas in New
Zealand. Past earthquakes and studies have shown that there is a high risk
of damage from earthquakes. There are also a number of areas within the
region which are susceptible to earthquake induced liquefaction, and ground
damage, which can significantly affect the infrastructure of the region.

The Wellington Regional Council (WRC) is developing a strategy aimed at
achieving an acceptable level of risk from seismic and geological hazards in
the Wellington Region. As part of this work, WRC is undertaking an
assessment of the seismic hazard in the region, and the vulnerability of the
community to the hazard. Works Consultancy Services Ltd (Consultancy
Services) has been commissioned by WRC to undertake a liquefaction hazard
study for the Wellington Region.

For the purpose of this study, the region has been divided into the following
five study areas, the locations of which are shown on Figure 1 :

Study Area 1 Wellington City
Study Area 2 Hutt Valley
Study Area 3 Porirua Basin
Study Area 4 Kapiti Coast
Study Area 5 Wairarapa

Limited studies of the potential for liquefaction within the Wellington Region
have been carried out in the past (Centre for Advanced Engineering, 1992 ;
Institute of Geological and Nuclear Sciences, 1992 ; I R Brown Associates,
1991). The Centre for Advanced Engineering (1992) identifies the potential for
liquefaction in parts of the Wellington Region, and I R Brown Associates (1991)
identifies liquefaction susceptibility in the Lower Hutt. The IGNS (1992) report
which formed stage 1 of this study, defines the concept of liquefaction, quoted
recent New Zealand occurrences of liquefaction and recommended further
work to assess the liquefaction hazard in the Wellington Region. These
previous studies have generally been based on the regional geology, or are
confined to limited areas or sites within the region.

The present study comprises a review of the historical records of liquefaction
in the Wellington region (Works Consultancy Services, 1993a), and an
assessment of the liquefaction potential and consequent ground damage in
each of the five study areas. This report presents the liquefaction and ground
damage assessment for Study Area 3, the Porirua Basin. The liquefaction
assessments for Study Areas 1, 2, 4 and 5 are presented in separate
accompanying reports (Works Consultancy Services, 1993b, 1993¢, 1993d and
1993e).
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This report presents a summary of the data compiled on the ground conditions
of Porirua Basin, the results of limited site investigations carried out as part
of this study, and the liquefaction and ground damage assessment for the
Porirua Basin. It also includes maps of liquefaction susceptibility, potential,
and ground damage, which present the results of the study.
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2.2

2.3

THE STUDY AREA 3 - PORIRUA BASIN

Location

The Study Area 3, Porirua Basin is located to the north of Wellington City,
extending from Glenside to Plimmerton, see Figure 1. It includes Porirua City,
and the main suburban areas of Tawa, Linden, Kenepuru, Titahi Bay, Porirua
East, Whitby, Paremata, Pauatahanui, Mana and Plimmerton. The NZMS 260
Map Grid Reference of the southern and northern ends of the area are R27 625
985 and R26 680 160 respectively.

Topography

The topography is dominated by the Porirua Harbour, north of Porirua City,
and the Pauatahanui Inlet. Steep hillsides surround the harbour areas and the
Tawa-Linden valley lies in the southern part of the study area.

Geology

The NZ Geological Map, 1 : 250,000, Sheet 12 Wellington (Department of
Scientific and Industrial Research, 1967) shows the area to be Wellington
Greywackes of Triassic age overlain by Holocene age sediments. The
Wellington Greywackes comprise alternating dark grey argillite and sandstone.
The Holocene age deposits which predominantly lie around the Porirua
Harbour and Pauatahanui Inlet areas comprise undifferentiated alluvium in
fluviatile, floodplain, estuarine and beach deposits, and dune sand. In
addition to the natural geology of the area, reclamation fill materials also
underlie some areas, particularly in the Porirua City.

A more detailed description of the geology of the Porirua Basin is given by the
Department of Scientific and Industrial Research (DSIR, 1991a). The geology
of the Pauatahanui area is not included in this report, but is presented by
Dellow et al (1992). The surface geological map prepared by DSIR is
presented in Figure 2.
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[’" Liquefaction Hazard Study, Wellington Region : Study Area 3 - Porirua Basin 4
[ ) 3 COMPILATION OF DATA

Existing site investigations data has been compiled for the Porirua Basin from
published reports, in-house records from past engineering projects and from
- information held by the Porirua City Council. A limited amount of data has
. also been accessed through private consultants and drilling contractors. A
reasonable spread of data was gathered for the Porirua City area. However,
a lack of information was identified in the Plimmerton, Mana and Titahi Bay
— areas where potentially liquefiable soils are considered to be present.
Approval was obtained from the WRC for site investigations in these areas.
Although there was a lack of data in the Pauatahanui area, no further
B investigations were carried out in view of the limited development in the area.
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SITE INVESTIGATIONS

Site investigations comprising two boreholes and five Static Cone Penetration
Tests were carried out between 6 and 11 January 1993, and were followed by
laboratory classification tests on samples recovered during drilling. The
boreholes were drilled to depths of about 10 m and 15 m, by Pendleton
Corporation Limited. Standard Penetration Tests (SPT) were carried out in
accordance with NZS 4402:1988 (Standards Association of New Zealand, 1988)
during drilling, generally at 1 m depth intervals. Standpipes were also
installed in the boreholes to confirm the groundwater levels in the area. The
samples recovered were logged by an engineering geologist from Consultancy
Services, who also supervised the work. The boreholes were drilled in the
Plimmerton Domain in Plimmerton, and Kura Park in Titahi Bay. The
locations of the boreholes are shown on Figure 3.

The Static Cone Penetration Tests (CPT) were carried out by Griffiths Drilling
Co Ltd, under the direction of Consultancy Services. The tests were carried
out in accordance with NZS 4402 : 1988 (Standards Association of New
Zealand, 1988). The tests were carried out in Ngatitoa Domain in Mana, and
the Titahi Bay Beach. Since the initial test at Ngatitoa Domain could not
penetrate below a depth of about 2.8 m, a further two tests were carried out
in the Domain area, and reached refusal at similar depths. An additional test
was also carried out in the Titahi Bay Beach as the initial test met refusal at
about 7 m, but again met refusal at a similar depth. The locations of the CPTs
are shown in Figure 3.

Laboratory Tests comprising Atterberg Limits and Particle Size Distribution
tests (wet sieving and hydrometer analyses for fine grained soils) were carried
out by Consultancy Services’ Central Laboratories. All the tests were carried
out in accordance with NZS 4402 : 1986 (Standards Association of New

Zealand, 1986).

The engineering geological logs of the boreholes, Static Cone Penetration Test
results and the laboratory test results are included in Appendix A.
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5.1

5.2

EARTHQUAKE SCENARIOS

The Scenarios

Two earthquake scenarios have been identified by the WRC for assessment of
the potential for liquefaction and ground damage. These scenarios are :

Scenario 1

Alarge, distant, shallow (<60 km) earthquake that produces Modified Mercalli
intensity of V-VI in bedrock over the Wellington Region. An example of such
an event would be a magnitude 7 earthquake centred 100 km from the study
area at a depth of 15 - 60 km, perhaps similar to the 1848 Marlborough
earthquake. The return period of a Scenario 1 event is 20 - 80 years.

Scenario 2

A large earthquake centred on the Wellington - Hutt Valley segment of the
Wellington Fault. Rupture of this fault segment is expected to be associated
with a magnitude 7.5 earthquake at a depth less than 30 km. The mean
recurrence interval for such an event is about 600 years, and the probability
of it occurring in the next 30 years is estimated to be about 10%.

Ground Motion Parameters

The large, distant shallow Scenario 1 earthquake resulting in MM V-VI shaking
on bedrock will be of sufficient duration, and contain sufficient low period
energy to allow long-period response to develop at deep (or soft) sediment
sites (DSIR, 1991b). This will result in a marked difference in the earthquake
ground motions between rock sites and soft / deep soil sites. DSIR (1991b)
have estimated the likely level of ground shaking for the various zones
depending on the ground conditions, for each of the five study areas. The
estimated ground motion parameters for the Porirua Basin are summarised in
Table 1. As shown in the table, a Scenario 1 event is capable of producing a
felt intensity of MM VIII-IX, and peak ground acceleration of up to 0.3 g, in
zone 5 areas.

The large local Wellington Fault event (Scenario 2) will give a higher level of
ground shaking throughout the region, but with smaller differences in average
shaking between the different zones (DSIR, 1991b), in comparison to a Scenario
1 event. The distance from the source is also important for this earthquake
scenario. For Porirua, the distance from the potential source, the Wellington
Fault, is 6 km to 11 km. The major liquefiable areas, such as the Porirua City,
are at a distance of about 10 km. The ground motions predicted in the Porirua
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Liquefaction Hazard Study, Wellington Region : Study Area 3 - Porirua Basin 7

Basin by DSIR (1991b) are summarised in Table 1. The predicted felt intensity
in a zone 5 area in Porirua is MM X-XI, and the peak ground acceleration for
Zone 5 is about 0.5 g to 0.8 g (DSIR, 1991b).
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Liquefaction Hazard Study, Wellington Region : Study Area 3 - Porirua Basin 8

[~ 6 GROUND CONDITIONS
6.1 Sub-Areas

L The Study Area 3, Porirua Basin, can be subdivided into areas based on their
. surface geology and topography as shown on the geological plan prepared by
DSIR (1991b), see Figure 2. The following sub-areas within the Porirua Basin
are underlain by soils which may have a potential for liquefaction during
- earthquake shaking:

Plimmerton

Mana

Paremata

Pauatahanui

Titahi Bay and Titahi Bay Beach
Porirua Harbour & City

Tawa & Linden

A borehole in each of the areas has been chosen, based on the available
information on the geology and geotechnical properties, to represent the
ground conditions in each area. These boreholes are used for the assessment
of the potential for liquefaction in Section 7. Given the large extent of the
Porirua Harbour & City area and its” importance, six key boreholes have been
chosen for this area across the city. Boreholes have been chosen in preference
of Static Cone Penetration Tests, because borehole information is available in
most of the areas enabling comparison and consistent liquefaction assessment.

The key boreholes are presented in Figure 4, and their summary logs are
= presented in Figure 5. The ground conditions in each area are briefly
discussed below :

. 6.2 Plimmerton

One borehole was drilled in the Plimmerton Domain as part of the site
investigations for this study, see Section 4, and this has been chosen as the key
borehole for Plimmerton, see Figure 4. One further borehole log has been
identified in this area.

The Plimmerton Domain borehole (PL1) extends to a depth of 15 m, and
shows the ground conditions to comprise a sequence of very loose to loose
silty sand, and soft to very soft clayey / sandy silt, see Figure 5. The Standard
8 Penetration Test (SPT) ‘N’ values recorded range from 1 to 8. The
groundwater level encountered was at a depth of 0.3 m below ground surface.
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6.3

6.4

6.5

The other borehole in the area indicates the soils to be more fine grained
clayey silt and silty clay, underlain by clayey gravel at a depth of 11.5 m.

Mana

The Static Cone Penetration Tests carried out in the Ngatitoa Domain in Mana
only penetrated to a depth of 2.8 m, and hence did not provide much
information. This indicates that dense gravels or weathered bedrock to be
present close to the ground surface in part of the Mana area. The dense
materials encountered may either be natural deposits or fill materials. A
borehole log subsequently located for the Mana area confirms the presence of
dense gravel and sand deposits close to the ground surface. However,
boreholes drilled in the Mana Marina area indicate the presence of a sequence
of sand or silty sand, which is loose near seabed level, and becoming denser
with depth. SPT ‘N’ values range from under 5 near seabed level to over 50
at depth. It is possible that these sand deposits extend some distance onshore
from the marina area, but its extent is not known. One of the boreholes on the
Mana Marina has been used as the key borehole (MA1), see Figures 4 and 5.

Paremata

A number of boreholes have been located adjacent to the Paremata bridge
across the entrance to the Pauatahanui Inlet. One of the boreholes has been
used as the key borehole (PAR), see Figures 4 and 5. This borehole shows
about 4 m of silty sandy gravel underlain by loose sand and sandy silt, and
very dense gravelly sand. An inspection of the other boreholes in the area
shows that the depth of the sediments in the area varies significantly with
surface rock exposures in places. SPT ‘N’ values range from 4 to 21 in the
sediments and over 50 in the underlying gravelly sand, see Figure 5.

The groundwater levels are expected to be high, near sea level, and are likely
to fluctuate with tidal sea level variations.

Pauatahanui

Boreholes sunk for the Pauatahanui Bridge as well as in the inlet for an
environmental study (DSIR, 1980) have been located. The environmental study
borehole indicates very soft to firm silt, peaty silt and some sand to a depth
of 13 m, overlying gravel. However, there are no geotechnical properties
given for the holes. The Pauatahanui Bridge boreholes, one of which is chosen
as the key borehole (PAU) for liquefaction assessment, show an interbedded
sequence of silty sand, sandy silt, clayey silt and silty / sandy gravel to a
depth of 11.5 m, underlain by bedrock, see Figures 4 and 5. SPT ‘N’ values
range from 1 to 6 for the sand and silt, with values of 13 to over 50 for the
gravel, see Figure 5.
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Liquefaction Hazard Study, Wellington Region : Study Area 3 - Porirua Basin 10

6.6

6.7

The groundwater level is high at about 1 m to 2 m below surface.

Titahi Bay and Titahi Bay Beach

. A borehole was drilled in Kura Park and two Static Cone Penetration Tests

were carried out at the Titahi Bay beach, as part of this study.

The Static Cone Penetration Tests indicate the presence of sandy gravel with
some clay/silt layers at the Titahi Bay Beach.

The Kura Park borehole has been chosen as the key borehole (TI1), and is
shown in Figure 4. This borehole showed silty sand and sandy silt with some
thin clayey silt layers to a depth of about 9 m, underlain by sandy gravel, see
Figure 5. The SPT 'N’ values in the silty sand ranges from about 8 to 26. The
geological plan prepared by DSIR (1991a), shows the sand to be windblown
sands, see Figure 2.

The groundwater level is high at 0.85 m below ground surface.

Porirua Harbour & City

This area comprising land surrounding the Porirua Harbour and the Porirua
City is underlain by estuarine sediments, see Figure 2. Much of this area has
been reclaimed by placing fill on the estuarine sand and silt. Boreholes for
many structures in the area have been compiled. In view of the large extent
of the area, six key boreholes have been chosen from this area, for
consideration of liquefaction potential. These boreholes include two in the
Elsdon area at the Porirua Technical Institute (PO1) and a warehouse site
(PO2), one from the investigations for the Porirua Ramp Bridges replacement
(PO3), two from the Porirua City Centre investigations (PO4 and PO5), and
one from investigations for the Mungavin Interchange (PO6). The locations of
these key boreholes are shown on Figure 4, and their summary logs are
presented on Figure 5.

The boreholes identified above show that the surface fill material is generally
loose to medium dense silty and sandy gravel, and is about 2 m to 4 m thick.
The fill is underlain by estuarine sand and silt of varying thickness and
composition. Some of the silt layers are indicated to be organic. In general
the sand, silty sand and sandy silt have been found to be loose to medium
dense, and become more clayey and gravelly at the southern end of Porirua
City, near the Mungavin Bridge. The borehole results are summarised on
Figure 5.

The groundwater levels are generally high in the area, and lie at a depth of
about 1.5 m to 3 m below ground surface.
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Liquefaction Hazard Study, Wellington Region : Study Area 3 - Porirua Basin 11

6.8

Tawa and Linden

The geological map (DSIR, 1991a) shows the ground conditions in the Tawa
and Linden areas to be alluvial gravel, see Figure 2. The limited amount of
investigation information in the Tawa and Linden areas appear to confirm this.
These investigation results show the presence of silty clays and silty and
clayey gravel. Some boreholes show small thicknesses of silty sand, and it is
possible that such layers of small thickness and limited lateral extent do exist,
particularly adjacent to the streams in the area. In view of the limited
potential for liquefaction in this area, key boreholes have not been presented,
and assessed. No information is available on the groundwater levels, but they
are likely to be variable, with higher levels near streams.
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7.1

7.2

LIQUEFACTION ASSESSMENT

Introduction

Liquefaction includes all "phenomena giving rise to a loss of shearing resistance or
to the development of excessive strains as a result of transient or repeated disturbance
of saturated cohesionless soils” (National Research Council, 1985). Earthquake
induced liquefaction of soils is caused by ground shaking, giving rise to an
increase in the porewater pressure in loose, mainly cohesionless soils. Where
the increasing porewater pressures cannot dissipate rapidly, and become equal
to the overburden stress, the soil liquefies, and loses most of its shear strength.
This state is known as "initial liquefaction" or a peak cyclic pore pressure ratio
of 100 %. The soil is then said to have "liquefied". A comprehensive definition
of the terms associated with liquefaction is given by the American Society for
Civil Engineers (1978), and is reproduced in Appendix B. They define
liquefaction as "the act or process of transforming cohesionless soils from a solid
state to a liquefied state as a consequence of increased pore pressure and reduced
effective stress”.

Although soils may develop initial liquefaction, their subsequent behaviour
will depend on their density and soil characteristics. Many soils may develop
a state of initial liquefaction but may only have limited strain potential.

Liquefaction most commonly occurs in loose sands and silty sands, but is also
found to occur in loose sandy gravels and low plasticity sandy silts and silts.
Soft cohesive soils such as clays and silty clays do not strictly undergo
liquefaction, but could nevertheless suffer similar consequences such as lateral
spreading, flow slides or failure of structures due to a significant loss of
undrained shear strength as result of strong ground shaking.

Methodology for Assessment of Liquefaction

The following methodology has been used to assess the potential for
liquefaction in the Porirua Basin :

1. Identification of areas vulnerable to liquefaction based on the geology,
and selection of key boreholes for the assessment of liquefaction
potential ;

2. Assessment of the liquefaction susceptibility of soils based on the soil
descriptions and the particle size distributions ;

3. Assessment of liquefaction potential, considering different appropriate
methods based on the available information. The methods by
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Liquefaction Hazard Study, Wellington Region : Study Area 3 - Porirua Basin 13

7.3

7.4

Ambraseys (1988) and Seed and Idriss (1982) have been used, where
Standard Penetration Test results are available.

4. The potential for ground damage has been evaluated based on the

assessed potential for liquefaction, the thicknesses of layers, geometry
and topography, see Section 8.

5. Consideration of past earthquake events and any observed liquefaction
and ground damage to confirm assessment.

Identification of Areas Vulnerable to Liquefaction

Considering the geology, and the ground conditions discussed in Section 6, the
areas vulnerable to liquefaction have been identified. As discussed in Section
6, key boreholes have also been identified for each of the areas, for further
assessment of liquefaction potential. The Tawa and Linden area is not
considered vulnerable in general, because of the limited thicknesses of any
sand or silt layers identified. The areas identified as vulnerable to liquefaction,
together with the key borehole(s) in each area are presented below :

Sub-Area Key Borehole(s)

Plimmerton PL1
Mana MAI1
Paremata PAR

Pauatahanui | PAU
Titahi Bay and Titahi Bay Beach TI1
Porirua Harbour and City PO1, PO2, PO3, PO4, POS5, PO6

The locations of the key boreholes are shown on Figure 4, and the summary
logs of these boreholes are presented in Figure 5.

Liquefaction Susceptibility Based on Particle Size Distribution
The soils which are susceptible to liquefaction have been identified based on
the description of the soils in key boreholes, and particle size distribution

analyses, where available.

The particle size distribution curves available for soil layers in the key
boreholes are shown on Figure 6, together with their depths. The particle size
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Liquefaction Hazard Study, Wellington Region : Study Area 3 - Porirua Basin 14

7.5

7.5.1

distribution curve envelopes for "easily" and "very easily" liquefiable soils, as
presented by Tsuchida (1971), are also superimposed on the chart for
comparison. The comparison shows that the majority of the soils identified are
susceptible to liquefaction. Exceptions are some soils in the Plimmerton area
(PL1, 10 m) which have an excessive amount of fines, or some layers in
Porirua City (PO5, 6.1 m) which contain a significant amount of gravel.

Generally, loose to medium dense sand and silty sand have been identified as
susceptible to liquefaction, and those loose sands with more than 35 % fines
(low plasticity sandy silts or silts) or more than 35 % gravel (sandy gravels)
have been identified as possibly susceptible. For this purpose, "fines" is
defined as the percentage of soil fraction having a grain size of less than 63
pm.

Assessment of Liquefaction Potential

The soils in the areas considered to be susceptible to liquefaction were
assessed using established liquefaction evaluation procedures. The potential
for liquefaction was evaluated for the two earthquake scenarios discussed in
Section 5, using the information from the key boreholes.

Ambraseys’ Method

Ambraseys (1988) has developed a simple chart for the assessment of
liquefaction based on the distance from the epicentre or the peak ground
acceleration, the magnitude of the earthquake, the corrected Standard
Penetration Test (SPT) value, and the groundwater level, see Figure 7. For the
given two scenarios, knowing that the groundwater levels are generally only
1.5 m to 3 m below ground level, the corrected SPT values below which
liquefaction occurs can be determined as shown in Figure 7.

The figure shows that for a Scenario 1 earthquake,

(a)  soils in the ground shaking zone 2, with corrected SPT values of below
about 8 to 14 are likely to liquefy ;

(b)  soils in the ground shaking zones 3 to 5, with corrected SPT values of
below about 15 to 22 are likely to liquefy.

For a Scenario 2 earthquake originating from the Wellington Fault, soils with
corrected SPT values below about 22 to 35 are likely to liquefy.

The corrected SPT values of the soils susceptible to liquefaction in the Porirua
Basin area are about 1 to 25. Therefore, the soils in the Porirua area have a
potential for liquefaction.
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7.5.2

7.5.3

7.6

Seed and Idriss Method

A more detailed assessment of the potential for liquefaction of susceptible
layers of soils can be carried out by the most widely used method proposed
by Seed and Idriss (1982) and described by the National Research Council
(1985). This method takes into consideration the peak ground accelerations,
the magnitude of the earthquake (which also allows for the effect of duration
of shaking), the effective overburden stress, and the groundwater levels. The
cyclic stress ratio caused by a given earthquake scenario can be calculated and
together with the corrected SPT value plotted on the graph of Cyclic Stress
Ratio vs Corrected SPT value, see Figures 8 and 9. Empirical correlations have
allowed Seed and Idriss (1982) to develop curves for different magnitude
earthquakes and soil fines content, which separate the liquefiable and
liquefaction resistant soils. If the calculated point falls within the range for
liquefiable soils, then the soils are said to have a potential for liquefaction.
Depending on the distance of the plotted point from the curve, the margin of
resistance to liquefaction can be judged.

The curves for the two earthquake scenarios are shown on Figures 8 and 9,
together with the points calculated for the layer in each key borehole with the
most susceptibility to liquefaction. The graph shows that the majority of these
critical layers have a potential for liquefaction in both earthquake Scenarios 1
and 2. ’

Liquefaction Assessment using Static Cone Penetration Tests

The potential for liquefaction can also been assessed using the results of Static
Cone Penetration Tests, which provide a continuous record of the cone and
friction sleeve resistance. The soil type may be interpreted from the CPT
results. However, they are often used in conjunction with a limited number
of boreholes, from which the fines content of the soil can be determined.
Since, only a limited number of CPTs were available in the Porirua Basin area
and because they were not available for all the sub-areas, boreholes have been
used in preference to CPTs. However, DSIR (1990) have carried out some CPT
and Seismic CPTs in the area, and assessed the soils to be potentially
liquefiable.

Historical Evidence
There is limited historical records of liquefaction in the Porirua. There is a
passing remark of liquefaction in the Porirua Basin by Commander Drury in

1855 (Works Consultancy Services, 1993a), which said:

"I am informed the Porirua road is sunk in places”.
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7.7

As discussed in the historical study report (Works Consultancy Services,
1993a), it is considered likely that the sinking of the road is the consequence
of liquefaction.

The absence of any other reports of liquefaction in the Porirua Area is
considered to be a reflection of the absence of human settlement in Porirua, at
the time of the large earthquakes affecting the Wellington Region.

Discussion

Based on the evaluation using different methods presented in Section 7.5
above, the potential for liquefaction of the soils have been assessed. Figures 8
and 9 show that there is a potential for liquefaction during a Scenario 1
earthquake, in most locations assessed, except Titahi Bay. At Titahi Bay, the
soils have a marginal resistance against liquefaction. At two locations in the
Porirua City, Elsdon and Mungavin, the soils have a marginal potential for
liquefaction, see Figure 8.

During a Scenario 2 Earthquake, a magnitude 7.5 event on the Wellington
Fault, there is a high potential for liquefaction of all susceptible soil layers
considered, see Figure 9.

Table 2 shows a summary of the liquefaction assessments for the most critical .
soil layers in the key boreholes.

May 1993  /

WORKS

A Consultancy Services

A'A
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8

8.1

8.2

LIQUEFACTION INDUCED GROUND DAMAGE

Introduction

The likely mode and order of ground damage has been assessed for the two
earthquake scenarios based on available literature and engineering judgement.
The actual ground damage will depend on the ground conditions and
topography at each site and should be assessed based on actual ground
conditions. The assessment made in this section merely provides an indication
of the type and order of magnitude of ground damage.

In view of the uncertainties, where appropriate, simple rules have been formed
based on engineering judgement and have been applied to provide a consistent

~ assessment over the whole region.

The main types of ground damage due to liquefaction are subsidence, slope
failure of sloping ground, and lateral spreading of banks and embankments
built on liquefiable ground.

The presence of a surface layer, which is resistant to liquefaction, above layers
susceptible to liquefaction will minimise any liquefaction induced ground
damage at the surface. In the Porirua City Area, there is generally a 2 m to
4 m thick layer of fill which is resistant to liquefaction. However, based on the
chart proposed by Ishihara (1985), it is assessed that liquefaction induced
ground damage would still occur given the high peak ground accelerations of
0.6 g to 0.8 g predicted for Scenario 2. The level of damage may be limited for
a Scenario 1 event depending on the thickness of the liquefiable layer and the
actual peak ground acceleration experienced.

However, where lateral instability is likely, the presence of a surface layer will
not necessarily preclude ground damage.

Ground Subsidence

The approximate likely magnitude of liquefaction induced ground subsidence
has been estimated for the key boreholes, based on the thickness of soils likely
to liquefy, and the earthquake scenario. The assessment has been based on the
method proposed by Tokimatsu and Seed (1987), which includes a chart for
an earthquake of Richter magnitude 7.5. The estimated subsidence is therefore
somewhat conservative for the Scenario 1 event. The subsidence is presented
to the nearest 50 mm in Table 3.
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8.3

8.4

8.5

Slope Failures

Most of the areas susceptible to liquefaction in the Porirua Basin are located
adjacent to the coastline, Porirua Stream/Porirua Harbour or the Pauatahanui
Inlet. The areas are generally flat, but their ground slopes are not known in
detail. However, since most of the areas lie adjacent to stream, harbour or
coastal banks, the potential for lateral spreading overides any slope failure
considerations. The potential for lateral spreading of the banks is discussed
in Section 8.4 below.

Lateral Spreading

Lateral spreading is likely to affect areas adjacent to the stream banks, harbour
or coastal areas. Any embankments or abutments built on liquefiable materials
are also likely to be affected.

For the purposes of this study, the following simple rules have been formed
for preparation of the ground damage maps.

1. Areas within 50 m of stream and harbour banks are affected by lateral
spreading, following a Scenario 1 earthquake.

2. Areas within 200 m of stream and harbour banks are affected by lateral
spreading, following a Scenario 2 earthquake.

Embankments constructed on liquefiable ground can also undergo lateral
spreading. However, this will depend on the construction details, and on
what ground improvement measures were carried out during construction.
Therefore, the ground damage for embankments and other earth structures
have not been assessed.

Behaviour of Fine Grained Soils

Some areas of fine grained soils are present in the Porirua Basin Study Area,
such as in Plimmerton. While fine grained soils are generally considered
resistant to liquefaction, the ground damage observations during the 1855
Wairarapa Earthquake indicate that fine grained soils can liquefy, as discussed

in the Wellington City Study Area Report (Works Consultancy Services,
1993b).

Even when liquefaction of soft fine grained soils does not occur, these soft
soils can undergo loss of strength during severe ground shaking (as preciated

- for a Scenario 2 event), and can result in ground strains, and lateral spreading

or instability of sloping ground similar to the ground damage experienced due
to classic liquefaction.
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[ 9 LIQUEFACTION HAZARD MAPS

9.1 Liquefaction Susceptibility Map

- The areas of the Porirua Basin which are susceptible to liquefaction have been
. interpreted using the surface geological map prepared by (DSIR, 1991a) and
the type of soils reported in borehole information found during the study.
This geological map does not cover part of the Porirua Basin Study Area, north
— of Plimmerton. Based on the general topography of the area, the presence of
Taupo Swamp and the ground conditions at Plimmerton, the area north of
Plimmerton, between the SH1 and the NIMT railway line is identified as
- susceptible to liquefaction. The areas susceptible to liquefaction are shown on
Figure 10. This however does not imply that all the areas shown will liquefy
during a given earthquake event. It is also possible that localised areas outside
B that shown on the map may liquefy during earthquake events.

9.2  Liquefaction Potential Map

9 The potential for liquefaction during the two earthquake scenarios considered
in this study are shown on the map on Figure 11. This is based on surface
geological map (DSIR, 1991a), the assessed ground shaking (DSIR, 1991b), the

liquefaction assessment presented in Section 7, and a review of historical

records of liquefaction (Works Consultancy Services, 1993a). The potential for
liquefaction in the Porirua Basin Study Area has been classified into the

following zones as shown on the liquefaction potential map on Figure 11:

n High potential for liquefaction. Liquefaction during both Scenarios 1
and 2.

u Moderate potential for liquefaction. Liquefaction unlikely or marginal
during Scenario 1.

n Variable potential for liquefaction. Liquefaction potential varies at
different locations from low to high. This zone covers areas where the
available information suggests soils with a variable potential for
liquefaction or soils unlikely to liquefy, at different locations within the
same area.

. u Low potential for liquefaction. Liquefaction may occur during
Scenario 2. This zone includes areas where the soils are considered to
be susceptible, but may or may not liquefy because of their density,
fines content or gravel content.

As discussed in Section 9.1 above, the area north of Plimmerton, between SH1
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and the NIMT railway is identified as having a low potential for liquefaction
based on the minimal information available for this area.

9.3  Liquefaction Induced Ground Damage Map

The likely ground damage arising from liquefaction of the soils in the Porirua
Basin Study Area is shown on Figure 12, based on the assessment outlined in
Section 8. The ground damage potential has been classified into the following
zones, as shown on the ground damage map on Figure 12:

n Potential for lateral spreading and large subsidence during both
Scenarios 1 and 2.

L Potential for lateral spreading during Scenario 2 only, and subsidence
during both Scenarios 1 and 2.

L Potential for subsidence during both Scenarios 1 and 2.

L Potential for subsidence during Scenario 2, and only minor subsidence
during Scenario 1.

n Potential for subsidence during both Scenarios 1 and 2, but not
widespread.

u Potential for minor subsidence during Scenario 2 only.
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10 LIMITATIONS

The liquefaction hazard study has been carried out as a regional hazard
assessment based on the available information and within the available time
and resources. It should not be considered as a substitute for site specific site
investigations and geotechnical engineering assessment for any project.

The following specific limitations apply for the products of this study:

1. While zones of liquefaction potential have been shown on the map,
there is no certainty that liquefaction will occur at a particular area due
to an earthquake of any size.

2. It is possible that liquefaction could occur in some isolated areas not
shown to be susceptible to liquefaction, for example near streams.

3. The classification of liquefaction potential and ground damage is
indicative only, and does not imply any level of damage to particular
structures or services.

4. The magnitude of ground damage suggested in the report is indicative
only.
5. The boundaries of the various liquefaction and ground damage zones

are approximate and indicative only, and should be used with caution.

6. There is limited amount of information in areas such as Plimmerton,
Mana and Pauatahanui. Therefore, the estimated lateral extent and
potential for liquefaction in these areas are indicative only.

7. Site specific assessment should be undertaken where the performance
of a particular site is required.

May 1993

A'Avw)gtltancy Services



Liquefaction Hazard Study, Wellington Region : Study Area 3 - Porirua Basin 22

REFERENCES

Ambraseys, N N (1988). Liquefaction-Induced Ground Failures. Journal Earthquake
Engineering & Structural Dynamics, Vol 17, No.1, September 1988.

American Society of Civil Engineers (1978). Definition of Terms Related to
Liquefaction. Report submitted by the Committee on Soil Dynamics of the
Geotechnical Engineering Division of the American Society of Civil Engineers (ASCE).
ASCE Journal of the Geotechnical Engineering Division. Vol 104. No GT9.

Berrill, ] B and Davis, R O (1985). Energy Dissipation and Seismic Liquefaction of
Sands : Revised Model. Soils and Foundations Vol, 25 No 2 106-118, June 1985.
Japanese Society of Soil Mechanics and Foundation Engineering.

Centre for Advanced Engineering (1992). Lifelines in Earthquakes, Wellington Case
Study. Project Report. University of Canterbury, Christchurch, NZ, August 1991.

Dellow, G D, Read, SAL, Begg, ] G, Van Dissen, R | and Perrin, N D (1992).
Distribution of Geological Materials in Lower Hutt and Porirua, New Zealand : A
Component of a ground shaking hazard assessment. Submitted for publication in the
Bulletin of the NZ Nat. Soc. Earthquake Engrg.

Department of Scientific and Industrial Research (1967). NZ Geological Map.
1:250,000. Sheet 12 Wellington.

DSIR (1980). Pauatahanui Inlet - An Environmental Study. DSIR Information Series
141, Co-ordinated by W B Healy of the Soil Bureau, Wellington, New Zealand.

DSIR (1990). Report on Resonant Alluvium Conditions for Part of Porirua Basin.
(Part of 1989 Study) By Stephenson, W R, Barker, P R and New, G. Prepared for
Wellington Regional Council. Regional Natural Disaster Reduction Plan - Seismic
Hazard. Division of Land and Soil Sciences Contract 90/5, March 1990.

Department of Scientific and Industrial Research (1991a). Geological Setting of the
Porirua Basin, Including Distribution of Materials and Geotechnical Properties (Part
6 of 1990 Study). Regional Natural Disaster Reduction Plan - Seismic Hazard.
Prepared for Wellington Regional Council. Contract Report No .1991/46 By Dellow,
G D, Read, SAL, Van Dissen, R J and Perrin, N D, May 1991.

DSIR (1991b). Ground Shaking Hazard Map for The Lower Hutt and Porirua Areas :
A Summary Report (Part 8 of 1990 Study). Regional Natural Disaster Reduction Plan
- Seismic Hazard. Prepared for the Wellington Regional Council. Contract Report
No. 1991/42. By Van Dissen, R J, June 1991.

May 1993

AVAVAVg)gtltancy Services



r“\

Liquefaction Hazard Study, Wellington Region : Study Area 3 - Porirua Basin 23

I R Brown Associates (1991). Seismic Hazard Assessment of Lower Hutt City.
Prepared for Lower Hutt City Council. Wellington, June 1991.

Institute of Geological and Nuclear Sciences (1992). Assessment of Liquefaction and
Ground Failure Hazards in the Greater Wellington Region, 1992-93, Stage 1.
Beetham, R D, and Hancox, G T. IGNS Contract Report No. 1992/84.

Ishihara, K (1985). Stability of Natural Deposits During Earthquakes, Proceedings of
the Eleventh International Conference on Soil Mechanics and Foundation Engineering,
A A Balkema Publishers, Rotterdam, Netherlands.

National Research Council (1985). Liquefaction of Soils during Earthquakes.
Committee on Earthquakes Engineering. Commission on Engineering and Technical
Systems. National Academy of Sciences. National Academy Press, Washington DC.

Seed, H B and Idriss, I M (1982). Ground Motions and Soil Liquefaction during
Earthquakes. Earthquake Engineering Research Institute, Monograph Series.

Standards Association of New Zealand (1986). Methods of Testing Soils for Civil
Engineering Purposes. NZS 4402 : 1986. Wellington.

Standards Association of New Zealand (1988). Methods of Testing Soils for Civil
Engineering Purposes. NZS 4402 : 1988. Supplement. Wellington.

Tokimatsu, K and Seed, H B (1987). Evaluation of Settlements in Sands Due to
Earthquake Shaking. Journal of Geotechnical Engineering. ASCE. Vol. 113, No.8,
pp 861-878.

Tsuchida, H (1971). Estimation of Liquefaction Potential of Sandy Soils. Proc. Third
Joint Meeting, US-Japan Panel on Wind and Seismic Effects. UINR, May 1971.

Works Consultancy Services (1993a). A Review of Historical Records of Liquefaction.
Liquefaction Hazard Study, Wellington Region. Prepared for the Wellington Regional
Council. McMinn, J A, Brabhaharan, P, and Jennings, D N. May 1993.

Works Consultancy Services (1993b). Liquefaction Hazard Study, Wellington Region.
Study Area 1 Wellington City. Prepared for the Wellington Regional Council.
Brabhaharan, P, and Jennings, D N. May 1993.

Works Consultancy Services (1993c). Liquefaction Hazard Study, Wellington Region.
Study Area 2 Hutt Valley. Prepared for the Wellington Regional Council.
Brabhaharan, P, and Jennings, D N. May 1993.

May 1993 v

A Y WORKS

AA Consultancy Services



Liquefaction Hazard Study, Wellington Region : Study Area 3 - Porirua Basin 24

Works Consultancy Services (1993d). Liquefaction Hazard Study, Wellington Region.
Study Area 4 Kapiti Coast. Prepared for the Wellington Regional Council.
Brabhaharan, P, and Jennings, D N. May 1993.

Works Consultancy Services (1993e). Liquefaction Hazard Study, Wellington Region.
Study Area 5 Wairarapa. Prepared for the Wellington Regional Council
Brabhaharan, P, and Jennings, D N. May 1993.

May 1993 Y

A Y WORKS

AA Consultancy Services



Tables

AV

A

\J

WORKS

A Consultancy Services

Works Consultancy Services Limited



-
-
=
B
©.2 et o et
5 R < < 2
O g & & 0
KN = S =
i
;‘-U
<
o~
(=]
2
bt
«
[~
@
A2
73]
2
=
w0
g = x =
- — ' x
S 5> = 0
§ >
=1
S
2
o
St
& >y
[t =0c
] ] - s
< d c Q.
C I & 5%
T g g % g
= < o
g 2
- o ]
2
2 ~
P <
o LY
=1 |-
-]
A3
3]
>
2
=
o
g = x
- > = -
= ! > =
n
Y
g — o4 )
N

litle

GROUND SHAKING PARAMETERS

Location LIQUEFACTION HAZARD STUDY Job No.
Y.YWORKS | PORIRUA BASIN €2375.00
A A'Aconsul tancy Services | Client Table

WELLINGTON REGIONAL COUNCIL




*g 210314 235 ‘sajoya10q L3y jo s8of Aewums soy
p amB1g 298 ‘sajoyaioq £ax Jo uonEIO] 104
6 pue g sam3f 29s ‘fenuajod uopoejonby| Jo Juswssasse 104

i

1

SION]

Job No.

C2375.00

Table

LIQUEFACTION HAZARD STUDY

PORIRUA BASIN
WELLINGTON REGIONAL COUNCIL

-
Z
Lt
=
n
N IN/A A1 pue anogrey eninog 90d n_.“._w
A A A)1D pue anogiey eniuog SOd «w
A A A1 pue moqiey enod yOd <
A A AND pue InogieH eniuog €0d m
A A £ pue moquey] eniuog z0d W
A A A)1D pue InoqIel eniuog 10d _M
X N Aeg weny, 1L w s
= |5 €
X A mnueyejene nvd o I8 &
- —
X A elewaIeJ Avd -
A A BURN IV 0
Q
Iy A UOLIUIWI ] 1I'ld m
VD
7 Olleuddg [ OLIeUg nMJ
[N = ON ‘A = S9&] uopesanbry ealy-qng ajoyadlog Loy M
-
Oz
b2
S
=
: | -
o e L Lt N T R R S M ] o]




I i

—

Estimated Order of
Subsidence {(mm)

300

400
25
50
50

200

200

200

100
25

Scenario 2

Estimated Thickness of
Liquefiable Layer(s) (m)

6.8

16.8
15
14
17

121
59
5.0
28
1.5

Estimated Order of
Subsidence (mm)

300

300
25
50

100

150

200
25

Scenario 1

Estimated Thickness
of Liquefiable Layer(s)
(m)

6.8

1.7

7.3
49
5.0
0.6

11.7
0.8

Key Borehole

rL1

PA
PAU
Ti1
ro1
ro2
ro3
PO4
PO5
PO6

Titde

APPROXIMATE LIQUEFACTION INDUCED SUBSIDENCE

Location LIQUEFACTION HAZARD STUDY Job No.
Y.YWORKS PORIRUA BASIN C2375.00
A A ‘ Client Table

Consultancy Services

WELLINGTON REGIONAL COUNCIL

3




Figures

il

|
|

T T

.

A

\

A

\

A

WORKS

Consultancy Services

Works Consultancy Services Limited



T T e T T I T  T A T I s I T T I T O TV T Y T s Ty

IRRANSRERARERERRARE]

" — __—_lllllllll TTTITTET 8
] e e e e e S N
5N\ §
\\ —_
£ eSO e r~
E N\ ~ n o))
S I T M . N . G ' SN S S S N < S I~
m [+3 “ QQN % _9 @
BN =~ £ 5
Led "] . <
5 I i i i il i i R 3 ©
o N ~\\\ = S
= NN ~\ = B
Q < < 3 O —
) \ = S ~—
> © t_ X \u QE) 8 .9— >
| “fFi-+— e e e o e NS e — — £ | =
75} = \\\ i~ 2=18 = E
o~ T E|° > T
g N\ ~ o 11| w =
3 AN S \ "y o
\ - N ~ 1 8l S =
g & o~ ‘g# N \ S|Z > = 9
3 \@\ ™ g gm s O =
£ \\ = \ooo' \ “!5-—-— :> :(D g
3] N
3 | ‘Q@‘“’"ﬁ&'x——_-“ — & S O -
E\\ S AN - & g °
W N 1500 < I z =T
AN D == ~ N )
S e ST 22
: S ©
SIS N 3 o @ °
SR N N\ S s 5 2
Y \ ‘N o [Pt o
\\\0( JQ\ \\ o -
~ <] (=3 [eb] [<b] B
Y NN o o ©
[ \ £ o O =«
N \ 25 T © £
N X N 3 |3 > > S
B N R : .
Ia‘C \\\ N g o o g
h, A\ O
ANIEAWANEEAN o % % =
RVANBNEEE =3¢
W, 55 &
NAUAENRE s\ Ny E
5 o Lt Q\\ O
éllllllll?,lllllllléllIIllI§l|llllll‘oollIllIll'g;llllllllSjllllllII%IJI|IIIIl‘?:lllll||l‘o-|llll|ll|oo‘ x \ vo_
e o -
SSYW AS 3N I9VLNIONId s 7
S0 o
<C
o
L
Title
PARTICLE SIZE DISTRIBUTION AND LIQUEFACTION SUSCEPTIBILITY
Location  L|QUEFACTION HAZARD STUDY Job No.
¥.¥. WORKS PORIRUA BASIN €2575.00
AAA Consultancy Services |Client Flgure

WELLINGTON REGIONAL COUNCIL




(8861 ‘shesoiquiy Jsyy)
uoljobjonbyy Joy sanjpA

N, LdS Pe108.1100 WNWIXDN yydep |DOMILIO D B|qD} DN - —— —-
— N NG N — oopyns punosb b 9|qp} SO, ———
3 o 3o S o ,
o > o 3 o 3 .
n 2 on 8 8 7 SN[oA N, 1881 UONDIjOUS] PIDPUDIS Pejoalio) N
o° o° oo 8
g™ s a - 8 2pnby}IDs JO SOUD)SIP 99INOS WINWIXDY Iy
2 - - ur) uopDJB[E22D punosb |paIIIY |
. 22 g2 @
) x5 29 e apnyubow syonbyppg My
S o 35 o 3o 0
S et 2 ey
=3
oe ol o2 oL °0z__or 09 08 oo M wnop
Nl
_ “ \\\ z0b \\H \_\\\oh
- \\ - V (V]
! X\\\\\\ V\\ \\ W\\om
! ] /. \\\W\. \\\\ = "W
Ea A e
. LA pd ) | A
WAV /8o D oo
b A / % : L omocmom
\ ﬁ\\.\\ \X\\ .
(a0l A, 10/
A
B A ] il N G ouoz
YA ZA77 V77 | opousos
:%ﬁ e \“ LA w VA JI G suoz
e e e - ! Z OuDU?dg
0L 2 T .\]\\Q.J " 7 A_llll
= WN > oL .
[+2°] Qw\\\u\\.\\\ )
gr6o” - .\.\ \
02 \.m.w& g
o W

C2375.00

Job No,
Figure

LIQUEFACTION HAZARD STUDY
PORIRUA BASIN

WELLINGTON REGIONAL COUNCIL

Location
Client

LIQUEFACTION SUSCEPTIBILITY - BASED ON AMBRASEYS’' METHOD
Consultancy Services

AVAVAWORKS

Title




=

&
08 2 KEY TO BOREHOLES:
PL1  PLIMMERTON DOMAIN
Percent fines = 35 15 <5
o MAT  MANA MARINA
0.5 I PAR  PAREMATA BRIDGE
LIQUEFACTIONI __;‘__ | | NO LIQUEFACTION PAU  PAUATAHANUI BRIDGE
1 [
o ,' [ TN TITAH BAY-KURA PARK
= galem H— POT  PORIRUA TECHNICAL
o oAl R INSTITUTE, ELSDON
w L]
8 Ty Py PO2  WAREHOUSE, ELSDON
= o3 [ fee /] PO3  PORIRUA RAMP BRIDGE
/4 /
o 0.3 o A, REPLACEMENT
o N A A Y4 PO4  PORIRUA TOWN CENTRE
> PO%®  %aR / 02
© / POS  PORIRUA TOWN CENTRE
/ / PO6  MUNGAVIN INTERCHANGE
0.2 , /
//
/
/
// /
0.1 //
.TI1
0 MAGNITUDE 7.0
T 0 10 20 30 40 50
(Nl)so
CORRECTED STANDARD PENETRATION TEST VALUES
NOTE.
1. THE EMPIRICAL CURVES SHOW SEPARATE REGIONS OF THE PLOT
OF 'LIQUEFACTION’ AND 'NO LIQUEFACTION’.
2. THE FAMILY OF CURVES ARE FOR SANDS WITH DIFFERENT MAXIMUM
PERCENTAGES OF FINES, SILT AND CLAY PASSING 63um SIEVE.
AFTER SEED AND IDRISS (1982) AND SEED ET AL (1984)
Title
ASSESSMENT OF LIQUEFACTION POTENTIAL — SCENARIO 1 EARTHQUAKE
Location | |QUEFACTION HAZARD STUDY Job No.
Y Y WORKS PORIRUA BASIN €2375.00
; Client Figure
A A A Consuliancy Services (B | \aron ReGIONAL COUNCIL ’ 8




06 dbedd s & 4
Sreg % KEY_TO_BOREHOLES:
PL1  PLIMMERTON DOMAIN
Percent Fines = 35 15 <5
P MAT  MANA MARINA
0.5 I II PAR  PAREMATA BRIDGE
LIQUEFACTION _'I__L__rI-NO LIQUEFACTION PAU PAUATAHANUI BRIDGE
o o / i T TITAHI BAY—KURA PARK
T 04 S POT  PORIRUA TECHNICAL
o I INSTITUTE, ELSDON
w
! /
% Toy A, PO2  WAREHOUSE, ELSDON
] RV PO3  PORIRUA RAMP BRIDGE
o 03 F—— REPLACEMENT
o S PO4  PORIRUA TOWN CENTRE
O / PO5  PORIRUA TOWN CENTRE
02 yavi PO6  MUNGAVIN INTERCHANGE
//
/
/
/
/
0.1 / /
. /'/
. MAGNITUDE 7.5
0 10 20 30 40 50
<N|)50
CORRECTED STANDARD PENETRATION TEST VALUES
NOTE:
1. THE EMPIRICAL CURVES SHOW SEPARATE REGIONS OF THE PLOT
OF "LIQUEFACTION' AND °NO LIQUEFACTION’.
2. THE FAMILY OF CURVES ARE FOR SANDS WITH DIFFERENT MAXIMUM
PERCENTAGES OF FINES, SILT AND CLAY PASSING 63um SIEVE.
AFTER SEED AND IDRISS (1982) AND SEED ET AL (1984)
Title
ASSESSMENT OF LIQUEFACTION POTENTIAL — SCENARIO 2 EARTHQUAKE
Location | |QUEFACTION HAZARD STUDY Job No.
Y Y WORKS PORIRUA BASIN €2375.00
y Client Figu
A" A A Consultancy Servicss [y 610N REGIONAL COUNGIL g




i

( | Appendix A

|

|

g SITE INVESTIGATION RESULTS

¥,V WORKS | —

A A A Consultancy Services Works Consultancy Services Limited




Al

Borehole Logs

|
|
|
|
|

{ .

Y.V WORKS

A A A Consultancy Services Works Consultancy Services Limited

AT TP

|
|

||



mmm—
i

S B

. }

HOLE
LHGILLIING (1 OLOGY SLEHON

‘ NO. | _BH |
L OF DRILL HOLE
....................... oG D HO LOCATION ... Tifahi Bay. = . Kum Fack . . ... ...

GRID REF. ..., MW.D. CO-0ORD. ...l i DATUM . Ms& .. .
- HAD. GROUND ........cocvvecviiine, L HAD COLLAR ... ...

2 w Leone jJuepy ractury] ROCK DEFECTS WAt DIy
DESCRIPTION OF CORE L& B 1% |iosshitan] 8 | oG |PROMPENT ONITS. BEDDUIG. SEAMS, VEWIS |svm*vmﬂ STAHDARD
WEATHERING, | IARDHESS, STRENGTIL CoLour, (VY 8z | F |iu A SHATTER, SHEAR, AHD CRUSII ZOMNES, FOL- é 1 oss| PENETRATION
ROGK OR SOR. TYPE, DEFECT SPACHG. €s 19z |wi, |5 2 (Spachis o IATION SCHISTOSITY futtud. b sproma. 1y 5¥ ~ TEST
THHOVOGICAL TEATURES (bediding. lotation, nunecalogy z * % § § % (hacmes) | (OR SOIL DESCRIPT'ON) g g {(6PT)
Peedeny, canunt, etc), STRATIGRAPHUC HALAE 5,;% Ié“}’m :, no 5 3 gz;“_s {eonsistency, compatinass, wates content, O 0- 100
il S [ £f Ve lunaal, |__8t0UP Symbol ete) Oatey [yg i f t_1 1 1 J_l_
FiLL-' Brown (al‘ﬂnx&-(&g"on) ? X . ] _ . o R
motles) silby SAND, i R Borehole casing frrmo.0
' T : . +o FOwn
E L 1 Ve | - w13t £,
& LA ey l00sa - Mo 13T £iuen
w8 q. 0% 4= Ma.o’a'u.vui San -l/' o/ I+
Sx _
. 4 X Water leve) 0085m - ¥ /1793 L
P SofL Frm wduadely phate ek FES
ora»\&!./kq,"w Mof’H'ul brpwn glqa‘j ".' _E - X SP.T Gt PO - 145
ST, dawep / T EM
Browwn (twith orange. e iielloh.f |—— Z s Kede Sl
'M."‘HI-L) s’-HhSA-IJD -3 _hlkHl pae ,Mflt we. To
é MQA\‘*‘ oy ; £
g ox
wWa E 2L-0m PS: A and &
— Z-D—-g S SPT ot 2-0wmei 45
SPT EN )
s =L
vE ERRS
30'5 s SPT ot 2-0m -34S
<pT 3.-
c,::‘ou._f‘ chanae _ — :E:); -.
wB 3
Same. patacin] as above colour g - D& 7 H-Om
chanqe 4o lig brown iru&w"”\ | “'v_‘g - X SPT °_+ HeOm — b Sn
orange mottles, - I '
ss E
- g -
F
WB =
— 50-4 " x SPT ot 6.0 - 545w
sPr] =
_— E
-3x
E SPT ok €-Om=bhS Ve b5
; . - us
B('own' ﬁa»wl.& ST witle (some o~ Softt; MuJu-uf'allrlqt*l'«‘; sift
rare. ?) Clan — sancd —Hine; anol. sTME elny’,
. containg 3omie. Rt !'-\lm“‘s.
i DS5: 6:0m
. ; . : 53
{reea qray, sandy SILT wifh v Y s
semes elaq wherbeddad, wits — sf]i“’.‘-““‘:'-‘f&’; F{“ﬁ‘i‘»‘:a:s*
rey sandy SILTT ylfy sandl ) clay . Cowlaina
{rey 1 oot LregmanTs
. WB
DS: ¥-08- 71Sm
SR D3 P18 - F:30
’ %‘&kHl Paskasl mor sf‘; sn”‘;
Sanal, I
ROCK WEATIIERING ROCK IIARDNESS’ FRACTURE 10G ’ . .
DRILLER: UW - Unwoathered V: : - Very hard 3 {uma) Spacing ol 1 OGGED, MIFE . mmet;t.l,nvu&e.hm. .
SW - Stighlly weatherod g N o 3 e -& turat X :
PendeHon. ... M - Modssiely westhurnd ”'2' N g%é"éﬂﬁ' ot |—~I‘|’-|+t—|nuT t-+ﬂ§| E:é’.'u‘.u, ..... onte:. £./1.193 Jroveno BHL
- - hly waaith - i] aclus i ~ .
SI’;'?}'EE CW — Compleluly weathotad V8 - Vory soft o 2 § 88! Frachussin {pacen: i [LEHGHE T
rlNlSHED ........ EXPLANATION ¢PT : Standard PenctTation Test, CHECKED: oo | s
3l fas DS : Disfurbeck 3eil Sample. ORIGINAL VERTICAL : . CORE UOXES oo
DRILL: SR 1 Split Ring Sampler, 3 SCALE: v reraenoene
: s sphit spoon Sampler. (SPT
e S RV T LA SHEET..L...OF. 2 JORGHO ...




S

P s—

S

]

_ HOLE
EHGING L HING GEOVOGY STEHOR NO BH‘ 1.
] LOG OF DRILL HOLE _ : :

PROJECT Liquefaction. Shedy.. FEATURE . LOCATION .Tifahi. Bay. = Kum.  Pack. ... ... ... .

GRID REF. ... MWD, CO-0ORD. ... i et DATUM o s e e o

AMGLE FROM HORIZONTAL ... 327 . DIRECTION o HAD. GROUND ..........cccoooovivvrrrrinnnns HAD. COLLAR ...
- g w | CoREuEPTI ‘naciure) ROCK DEFECTS MWATELN DRI

DESCRIPTION OF CORE L& x:'n: & loss|ian 2 | log IPROMIMNENS IORIIS. BEDDING, SEAMS, VEINS LEVEL JVATES STANDARD

WEAVIERING, LIARDHESS, STREnGTH, CoLour,  [BY |8z | - T2 SHATTER, S1EAR, AHD CRUSH ZOHES, FOL- | i PENETRATION

o . . L g= 108 w [T g Spacing ol IATION SCLISTOSITY latttude, wilh, spacing, bl .- 10SSs

ROUK OR SO TYPE, DEFECT SPACIMG, 8 1%% Sl e L 3,1 2 [l |smoothoess) &t “t, TEST

11101 OGICAL TEATURES [bedding, lukation, nwneratogy : Tl §§ 3 Juacnesl § {OR SOIL DESCRIPTION) ‘g § (spPT)
exhinner, caseraenl, e ¢ e 332 e < % cns consisiunty, compac . water conlend,

e B i 14 o R0 R NP B L I vt W O i d R
Green gres | sawdy SILT worhi E St} wmodacataly plast’e. R
g e oo ‘ : E N morst silt; sandl Gatainsg roo
- R . A I.r\ ter beoucA u-'."';L . \JB —E— . Jn:m lm"‘}

Gres Sandy SIET (or sithy satD) S-o--;: DS: 3-0m — b
' . 3 SPT at 8:0m— €. 6o
___5 -H.k’”: pae Ea.&; <\ /’L; sandd,
s F b to Conrse. .
wB

- o m - L DS: 9 Om =4S
Gren 1!10-; ity SAND wr r SPT ot 7.0m —9.30~
Some. aravel, : N= 50 e homan

™ $s End test - 2ere Pem:‘{ru#z "
! — E far blaw,
E . Very dense.! sand - o g ravel
wB é. Py Hk}r‘*%o Sl * 5'|“ hH.‘ fl—. wod arated
Evd of Borthok o 9.7, E Cementsd extramely sfrong
B sh-TsTouE - ’
i SPT ot TR Wehb
3 ' Toenmm
_E ‘S‘ﬁme'Pv.pc 0l 4o B80m
E depth.
CK WEATI IER ROCK IARDNESS FRACTURE LOG . .
DRILLER: an_ourwral“:“: Jx MG w - v‘ea.n bard oy Ll Spacing ol 10GGED: T E e [PROECT Mpuefietiin,
SW - Slighlly weathered ¥ " k] Q & tural .
erndelten L lam - nf‘:‘:ﬂlc;}zﬁrmd ’;ﬁg - gﬁﬂm‘-ﬂ ot l-—T—i—l-f—llHlT!—HJg E::'un'“ _____ OATE: LT HOVE TO AHL T
. = | 1iy waal - il W - A

STARTED: |- oy LR ARl [ (LS T T

"""""""""""""""" 2 . CHECKED: ......

FIMIST IED: EXPLANATION \: pE ;1), ;L; h.lf";g}.,#- Fon Tost 3

7/;/‘1} ............ cs S?L')L spoon Sq-u?/‘f- lSPT) ORIGINAL VERTICAL:........... CORE BOXES ...

DRILL: SCALE: ceeeveesvieaersesessssarens || emesirsmsssssssisss s s

"""""""""""""" SUEET..2...OF 7 JORGNO oot oo




R d B 1 . i

al

PROJECT “Lx_.tl'uc&c"’;on 5’«;41,,_ FEATURE

LHGHH L ING GLOLOGY SECRON

LOG OF DRILL HOLE

LOCATION

NO.

'HOLE

\ BH 2

GRID REF........oovoiiecreine MW.D, CO-ORD. ... et
AMGLE FROM tIORIZONTAL ........ 900 DIRECTION ....oooovviciirceraciinns FLAD. GROUND
0 .
DESCRIPTION OF CORE 2 | w |u |conejuerny , raciurg ROCK DEFECTS WAIE{ORIL | STANDARD
s |PROMINEM KIRUIS, BEDDING, SEAMS, VEINS
WEATHERING. HARDHESS. STRENGTIL COLOUR, éé 5‘%’ t :I(ErSSI Hao. G | 106 |CFATTER S1EAR ANIG P i g LEVEL WATE e RATION
RUUK O SO0 TYPE, DETECT SPACING, €3 8‘5 o I S §°, Q ‘15';’:";":';9 of ‘s'l‘:"lg:‘l"‘fi"“s‘os"v fatituda, wdlh. spaceg. . 1R f 5° H:'),SS TEST
JITHOLOGIGAL TEAIURES fleding, lbaton, nuneralogy| > Tl éi ‘E tacwres) | (OR SOIL DESCRIPTION) § d (8P
lestorte, L, i), STRATIGRAPIIC HAME 332132, £ .02 & g 0| tconsistoncy. compacinoss, water contant, KL o100
faring K LI el st fudul, |__group symbol etc) Dawey fypud | 1§ 1 1_1_
ToPsor gx Gtound Uhter Level 003 m EEEREEEE
; A 211 /a3 [ |
gm-i (oﬂmjc,."q"mk browsw .motHe s E
»:sil#—ism\m» . R
Later Ledded. K
Brown sq.»diclsl su-T viB 3, ¥
E N DS : lom = LhSn
— .03 ~° SPT ot 1-0mn i 8aSun
= I n.
<1} E IR e
-3 : T Very laosg,; Pcor"l &rn&&-l;
55 ;E ;- Squd ~fine. +o el G H"
-;:-x . Containg sPca.ts a—‘m‘t—a.’wol(.
_§_ ) . Lome. shell -(ra_‘mu\"'s.
WR ‘g N
| 10..5 DS: 1 Om =20 S
'_; PTat 2.0m ~2. 4 Sin
1 3 \Ja.n&"SM!"‘; modenntaly phst.
5 g &‘H'; 5nuol~, ¢_I¢~1
1-6_§X k!
Ty ], = Very loose wmoiet sand-Aie to
,5’.‘3 sl 3 Swb we 3 X maktium s SI-T costoms ghall
q - -lrai,n‘.u'l"s with SP‘&kS o wmica,
! 20-8 - DS: 3-0m =2 éeSuy
§ SPTJ"' 3-Om - L.[,.S‘w‘
sPT E N= %
] A,
we| .
E DSt H-Om —# 45m
bog ™ SPTat He-Om~ tihSoon
g. N=1
SPT 3
55 I8
Brown, sandy STIT with rare ‘ 4. Vary soH; woist .vo.lu-.;lv.ll.
clasy, e . = plashe SIKT sand ;2 lay . Cataus
. ob Hy Minor reat Jmﬁ.«mﬁ._
E S DS W5 4s nelae
5.0, DS: 5/0m. SkSim
. =1 3 < X SPT: B-0m ~ S S
'&rv.x S;“'; SAND -EX "‘ N= 6 .
N ' ssPsr - - Vary leose s morsh; sand -Aie,
— IR | i, Contring  Shell drmgmuchs
g - X Wl‘""-\. sf-v“& of Mc.eq
v B ‘:: . )
=y DS 6.0um ~6-461m
L] 6-0-3 X
: : . E B SPT: 4-0m b b5
Brown qrey saisly SIT .G g% N= ) blow pec #50mm
rore elay’ -3 ! .
. e e a‘l . 5:: E Ue.l"i 9#4—“ MDJI-I‘R”‘Ji PL3+"-
= Na;a"‘; ,,‘/I-) su-c\—l.:n._; .-_la:
onafring mnor oot &mufjb
wiHe W‘LM* Che ”-lfo;qu,wﬁs
\ad-3
DS L FOm — 7"”';
— ¥ SPT: 3-0mm =3 bs
N = | Haw per #50mm
Spr
$S
ROCK WEATIERING ROCK HARDNESS FRACTURE 10G .
DRILLER: UW - Unwoalhered vit- Very hatd o, tems) Spacing of 1OGGED: .. AT E e l'll()IE(;Léq?,u,c'facf!m_\,_
© | SW - Slightly weatherod - , © 3 =] -3 |
S?-,:r(;_(éaa\ m,vv - m?t:?jale;‘;v::’:;md Mg - ‘s’é‘%‘%‘:ﬂ’:’v‘l‘?"? —T"'H'l"" H*Jg ;::‘L"l:,‘:“ ..... N WA Juoreno -
* - iy waathere: - y
ol ;i} S CW -~ Co?npilelely weathered VS - V;‘L&L o e g 93 E:a:‘:;:;esln -
f'lHISIIED EXPLANATION ss ! splt Speen (sAT)
31'/15 : D$ Praturbad, Sal Gnn\?le.
DRII l_ ............ sa: spht Rim Sl . SCALE:
N ‘PT th*ur& PM .-+'.‘+'m 1—",4. ot e eenirevresenasiantisaiannrnnr et
A 08 open barrel Sampler SHEET 1. .OF .. JORG N0 oo v




_. [ HOLE
EHGHICCRIIG CGLOFOGY STCHON MO BH 2.
) LOG OF DRILL HOLE ; -
* |PROJECT Ligucfashon Stucy . FEATURE ..o o LOCATION . Plnmacton . Domain . . .. Porirua
GRID REF. ......oiiiiiiviceiiiriieareeeee.. MWD, CO=0ORD. ... i DATUM ... .
[ AMGLE FROM HORIZONTAL ... 0% i DIRECTION ....oevoieeeeiies FLAD. GROUND ........c.cocovvivirceiine HAD. COLLAR ...
. - g w | conreloepn nactury ROCK DEFECTS WATEN D1y
- | PESCRIPTION OF CORE <E xﬁ & losstiiaol 8 | 1o |PROMNENI KRS, BEDDNIG. SEAMS, VENIS {EVEL WATEI STANDARD
WEAINERING, 1IARDHESS, STREnGTL coour, 18F 18z |- [0 | . 1~ SHATTER, SIEAR, AHD CRUSI! ZOHES. FOL- | 1l ogs | PENETRATION
. ROGK OR SOIL TYPE, DETECT SPACIHG, Q:S 8% L_I.’l “, a . (i, ‘S‘:::Irl::;g of 'sﬁ‘[‘l‘aw"fgl)ﬂleS"Y {atttnde, widih, spacing, 8 ; py TEST
( IOV OGICAL FEATURES (hedding, lobition. nunesalogy Z T % § § % |hactures) (OR SOIL DESCRIPTION) g" g (8PT)
- eoduser, Lenned, et 3 HC 2 2 e < o x Q cms {consisiency, compach , waler contenl, [a] .
Teedue, Ly i, wic), STRANHGRAPHIC HAME ,_;-,f'r ;fff(;) » ,,,glani, J [G) :ﬁ.,ifml—‘ ;%::l;y;n oc(;lvcpﬂ(. veas, waler GO D_.,,,,L_ol }D{) l L1 l—L_
: SILT with somc Saud: ENe vers, sofF; phvFic: mois¥ Siit; Protorogo
- niu‘;: ™3 Tt ’ 5 )f . ¢awd Liua ', elay. Winer reot wWeod]
2 we -q . x and shell fragmeits pre-geat
: I DS €-Om= §sSm
1 5"0'5 X SPT: $-O0m -8 45w
K 4 x )
. spr == ICLIN
- “Brown grey silty SHVD HX .
ves i | 5 | g . Vany heose, worst: sands; it
. "‘? . Covt"‘."“ wareon spee ley and S‘\G”
:f Imswm.—\'fl.
. w8 JE RS
E B DS° 9 0m --#5
. ?-OE SPT:9.0m 9.0 5
B SPT
$$
=
- wg
- D5: 10:0m- 1045,
L | Green areg ST witk some: sand ] SPT 2 100w = 10vls $om
a»\ﬂt a.'&l .
' JspT
- $S ;4‘&"; Mmu: r'qi"l’l"-‘, <i H‘
. sand~Line ) <lay Contains
Sowe ropt awak ‘kc.ll-('mﬂmu'l‘
) wB
DS thom — 1145 wn
—_“ SPY: 11:0un = 11 B-Sn
SPT
" | N Ss
1Qreea qrey clagey SILT | 22 ]

5‘,-‘+~, woderate.] 'Phd‘; wost
s+ .-_'43, ConTaing some
00" .(N&uu“fs-
DS: 12 0m=t2 b5m
SPT: 1L-0mcin b

D5: 13.0m= A4S
SPT: 13 OwielSe 6 5m

DS: th-Owa - [H S
SPT- - Om “np RS

HECTHEY
wizizic

- DS 18 Oan IS HSn
E SPT: 16-0m 1S A5 0r
Lo dX — N= s ATHHACE
8 ‘
ROCK WEAT! ERING ROCK 1ARDNES! FRACTURE LOG .
DRILLER: UW = Unnwoathared s Very hord .. {tme) Spacing of LOGGED:. M IF. . pnmem.é«.we&@ﬁm.,
) SW - Slightty weathered g § o 3 Q ~&l  natural w 13
........................ W Modorately wanthered WS: - &A(zﬁ:r'::t; havd —'T"”""I"" 'H‘Jé actures | OATE: Lllas. noteno 842
STARTED: v :."ﬂ"ii, W?:“"’"’{‘ vo IS o 2 g B8 Frachwesin | ipaCED: s [VENGTH S ST
s EXPLANATION  sS: split Speen L5PT) CHECKED: coovevsveonsssenene | e issmsssssenession e
FIMISHED: 055 Digturbed 30i{ Sample . !
) ORIGINAL VERTIGAL:.......... | CORE BOXES .. ......

........................ R éphf Riny S:MFI-—(“. .
DRILL: <PT: Standard- Penetration Test, SOALE: ceesoroeereersesssssssarsees | rmsesssie st s
------------------------- oB : Open barrel Sampler R L




A2

Static Cone Penetration Test Results

|

|

|

|
|

W\

A

WORKS

Consultancy Services Works Consultancy Services Limited

AT



Cone resistance (MPa) (MPa)
l o 10 20 30 0 0.25 0.
] I = L L T T T T 1 T 1 1 I T T LI R
——T
o < . = — T T
RL\ -~
r- //\
:>:> o}
L <N
~=
] —_— | =
\————__—___———““——————~_~___ e el
- — e L
-5 = Fa———; i ———
~t 8 A
q; £8 <a /
LU o 52
ol g ﬂ
50 ~.,
g + 52 54 —
3
[+]
£
B
I
0n
Q
Sr
Q
b3
10 b — —
L
-15
L
-20
.
25 :
%
r
3
!
r
F
i
i
~30 -
;
r
t
i
L
!
r
!
L
.‘
1
235 b e e —
10 5 o
Static Cone Penetration Test carried out by Griffiths Drilling Co Ltd Friction ratio %
Date: 08-01-93lJob No
vv WORKS Titahi Bay
A A Consultancy Services C Aeeve CcPT 2
wellington .
Sheet 1 of 1

Local frictiaon




Cone resistance (MP3) Local friction (MPa)
0 O 10 20 30 O 0.25 o.
T T T | S ¥ 4 T T T T 1 1 L ] T T T 1
N [ s ’_g/’
| _,_,_
{i ] E -
N s
I =
2
Q L
=
C
3
Pl
S S
6t
A
] U
c L
o
(53
A=
- 10
fh‘ -
['“4—15
[—4 -20
}-25
_ |30
SN
~35
10 5
\ Static Cone Penetration Test carried out by Griffiths Drilling Co Ltd Friction ratio X%
Date: 08-~041-93|Job No
\7v WORKS Mana Ngatitoa DJomain
AN
- N AConsultancy Services € Hesce CPT 1
Wellington . B
Sheet 1 27 1




-

{ . L . i

A3

- Laboratory Test Results

[
i i

W\

A

WORKS

Consultancy Services

Works Consultancy Services Limited

AT PP



Hutt, New Zealand

Hutt Park Road, PO Box 30-845, Lower
Phone (04)5683-119, Fax (04)5683-169

REPOIJE No &e093/350

CLASSIAICATION TEST BESULTS

-CENTRAL LABORATORIES

1ces

- AVAVAVELSS)MHMQ/ Serv

—

NZS 44071/99) feste 3.3 3.2 3.4

NZS 402! RES tests 2.2.1,2.3.1, 2.8, 2. 4.1

‘selIojeIoqe] {enua)) £q patduug

¢ F ; L

f | p . r - f 1

QM. M 10U pajes IIY)eu Sp [BLISIRWL 32IN0S Jo uopejussaidor any
31 3 191, "paAdax se sapdures ay) 03 A{uo vjelax sinsax 359} asay ],
Ml ﬂl . A m:._..__:wv ﬂ ﬂnm%mnm_womﬁ"vwhmm,. wa.uor >m_.: E&o. ..N...h,v\Q
. R B E“: _ohw._owh e :ﬂ!ﬂ_ E;»cﬁ%wﬁoﬁg A o) AR )AL
SeNE Rt L I
. 0.( . .//..“ S“ : iseL ey Aq peisjsibos st liojesoqe) siy ). ‘ WMU\&Q \JQU\ZI@P TNOILYNSDISTIJ
A m @) n
. : U@@.._._@_[r : AN T AYOLYNSDIS INOAdd Y
S mm &
yad R
a8
F
g > o N
EES L
T T
L3 -
NERe) i R NIy Wog
AT PUos QLI T,
wm :2 wywoay Gabongl  ~ | = | = | 8Z| & | L4 | waruww | FoHm | —  [RZENTEL 4 \ €b-2
P3N Td pon [ Avo NHIS ZHT
Y [TEEnciia Py
. . . o 8
Py} b3 1 \ﬂ%u\.w-ﬂaouﬂ\c._ﬁ..m - I R B R R - - — pshE-0¢ m.\m@-N
SR 2wt [aNVS - LTS HT
s AV - A A
H T T WVOITD BWAOS
PR _ - — AN )
SR} | FecpEuims — || = =]~ |- wsrs - ol 2[567¢
&m Uy | W~ 5 IQOWVS - LIS T neg
EEFl A
GUE D |ysewsBabgh — | — | = | = | - | - - — | 5% woz | /[%62
QLo waib uly ' gNYS I HY
RV N NINONNI
o m = NOILLAIIISTT | (s*/f) NTHLD aarro | (V)
O I .
. .~ : i vnSs/N ITd | T1d 77 | AT NFAO G2 ~ oM ‘9T "ON
3 Y X Sy ¥/ 57 |79 a312a UV
o 3 \ ALISNTT N ILYN FIOHM @03 ANFITD FIIWYS
K G w TV SV 77D
Z W M SOYFTTIFLLY dIVd FTIWYS
WgYy
dYauw
Uawvy q

| - J \




' W ORKS lei Iﬁ:_ff %ggilisms, Lower Hutt, New Zealand
- Phone (04)5583-119, Fax (04)5683-169
A A A Consultancy Services Rep OI't No eromafzso

PARTICLE SI2E DISTRI RUTION
NZS 4402:/986 fests 2.8.1,2.8.2,2.8.¢  N2S 4607:/99] tesk 2.8.1 3.8.2

| CLIENT..\WORKSS. \WELLINGTON  ONSULTANCY...  samee noo 22934
PROJECT....... HIQUEFACTION .. STUDY............... TESTED BY . MIM
sourc £ . .BHZ...10:0 ~10:4S  PLIMEETN. DoMAIN .. DATE )1, 1. 9%,

- pescrIFTION Sy LAV Med BT Blue gy Ymee . sond. .. crecksp By . SW ..

7EST DETAILS  (Delefe non-applicable) DATE . M. 1:33. .

TEST METHOD : WET Sieve (festz2.1), prvsimvetlestes=, HYDROMETER (fest2.8.4)
. OTHER N.Z.&.440Z:1980 dest G4)/GB)
HISTORY : NATURAL. [ ‘FtReBliefs ottt et s AA [
DISPERSANT USED SODIUM .. HEXAMETHRHOSPHATE. A oF SUSPENSION ... 750

S

1

i

FPARTICLE SIZE ANALYSIS

. J

‘(A 3

/ 53 / o.0311 77 @

ALT. STD. °% HYDROM . °/o §§§=
SIEYE | SIEVE FINER | |FQVY. RART. | FINER ;ﬁ;;’j-

SIZE SIZE DIANM. : Eic;g

,, 75 ram 0.0594 | 39 : % ih
0.0429 : 3852t

: [ e [|oovze] 2 Qe
wso8%

E 1

/ 150 a9 /
/ ¢3 % ||/

L L P el
L= O3S —

s
/ 237.5 / 0.0227 68 ll'—' fzé
/ 26-5 / 0. 0/65 59 _ o
. K }ﬁ :
/ 19.0 / 60.0/122| 52 " g
3 By - (\,7:
/ 12-2 / 0.0083 us o gz hé: o
z ¥ % L
/ Q.5 / 0.c06% | 40 Q ER Lo
Z g2 N
/ 67 / cco47| 26 | 2 2 3 T
< 2 N3
/ 475 / o 0037 32 % T % +
2.36mm | 26— fole oIS 27 \‘QQZ Ef; LR
/ 118 100 / - 52z 3 O
. 3 2y B o W
§ iz £ oot
/ 6C0/um 100 / = %gg > £ 3
o 28 9z
/ 425 3 32 v 9
< 3.2 Q g
/ 200 100 EEE wl W
> 2
Q
A%
o
o
<

°4 Passing finest sieve by dfference : Page..4 of 2




V

CENTRAL LABORATORIES
Hutt Park Road, PO Box 30-845, Lower Hutt, New Zealand
Phone (04)5683-119, Fax (04}5683-169

A A Consultancy Services Report No geoq2 50

PARTICLE SI2E DISTRI RUTION
NZS 4402:1986 fests 2.8.1,28.2,2.8.4  N2S 8607:199] tesks 2.8.1.3.8.2

CLIENT... WORKS . WELLINGTON CONSUTANCY . SAMPLE no. 2-93 /2.

PROJECT...... LIQUEFACTION)  STUDY. .. ............. TESTED 8 MIM

sourCE . BH L 7:0-1:-1Sm. .. |1<UrA Pare pate [l 1. 93,
DES-RIFTION SILT-SAND: -Fmg(qm hgh{- greg some dq.g CHECKED BY LLLBW
TEST DETAILS  (Delete non-applicable) DATE .. W 1..23

TEST METHOD : WET Sieve (testz3.1), sreswmvatdetesaed, HYDROMETER (fest2.3.4)
OTHER N.Z.5. 4402 11980 fes! ©A)/G8)
H/s-ro,zy NATURAL. [ e eyl sisioenfo@erloetemml bbbl

DISPERSANT USED SCDIUM  HEXAMETAPHOSPHATE .. AH OF SUSPENSION . ... 7! O .
PARTICLE SIZE ANALYSIS |
ALT. STD. 7 HYDROM . °/o | ggg_
SIEYE | SIEVE | FINER ||FQY.RART. | FINER : £55%
SIZE SIZE DIAM. : tEeen
| 75w Mo.oe3s| 51 E 51
/ 63 / 6.04-6l 46 ; @ gs228
D omdl 285435
/ 53 / o0.0327 Lf-é : @ gu;e%%
/ 7.5 / 0.0235 42 é%;‘jgé
/ 26.5 / 0.0168| 39 _ o
. K % :
/ 19.0 / 0.0/12.4 37 § NI
.o =~
/ 13-2. / 0 .0089 33 N 2: ﬁg N
Zz < 3 L
/ q.5 / O -Coél 29 0 ; g
Z £ < &\
/ 6-7 / 0. 0046 26 Q 22 S
— S wu .
< 52 \ X o
/ 475 0.co3 | 25 e 5t N Ly
g 2%, : @ N
2 -36wmm| - o ||0.00/5 /9 iﬂz ERS IR
SfiE %oz,
/ 118 00 / PSS B
/ S iz § oZ oz
EC0 um a9 / = 23% > S
- t B39 0§ 3
[ |wes / PR |
< .52 Q @
/ 200 A / EEE 0w w
6 c
/ (SO S0 / v
[\l
/ 63 53 / . <
—9%5 oSS = e 1 2..
“% Passing ‘Fm@‘l’ Sieve b_J_y dfference Page .f.of. 7.




V

CENTRAL LABORATORIES
Hutt Park Road. PO Box 30-845, Lower Hutt, New Zealand
Phone (04)5683-119, Fax (04)5683-169

A A Consultancy Services Report No eez/sso

PARTICLE SI2E DISTRI RUTION
NZS 4402:1986 ftests 2.8.1,28.2,2.8.4  N2S 4607:)99] tesk 3.8.1 3.8.2

CLIENT.. WORKS. ... \WELLINGTON . ONSULTANCY... samMPe no. 2-92]3
PROJECT.... [HHOUEFACTION... .. STUDY. TESTED BY MIM

Sourc £ . BHZ.. 3-0 = 3:4Sm. PLUMERTON . BOMAL ... pare M. 1.98
pesceirTIoNSILT-SAND Hinear, b-grey, somesiltond shell Sag, cozceep & . S
TEST DETAILS (De/aenon-applfmbleﬁm(e organics. DATE . 14.:1.33 .

TEST METHOD | WET Sleve ( Jestzz.1), srersmpatdetesad HYDROMETER (fest2.3.4)
.'73@:&5&@;%%

= rn
THHER e =

FPARTICLE SIZE ANALYSIS |
ALT. STD. 7 HYDROM. | /o mgggﬁ
SIEYE | SIEVE | FINER ||FQY.RRT. | FINER £t
SIZE SIZE DIAM. : i
| 75mm /|lo.ceqo| s . Q) ey
/ 63 / o.0u8 52, : @ ngéa
/ 53 [ ||o.0as7| e R0y
/ x7-5 / 0.0256 @/ : il‘_ Egé’;g‘
[1 265 | ] |leotas]| 22 | o
. K % :
/ 19.0 / 0.0/326 29 L§§ &
/ 132 / o.c098| 23 | & 2z : %8’35
z < 2 : -
/ a.s |/ 0.0070 20 Q - BN
Z = : -
/ 67 100 0.0C049 20 g 22 : Q\'}: j_
/ L4.75 g9 o .0034 /4 % EE : E. :
28 : -
/ 2-36 99 0-0028 /3 a g8 : E; :
& I R
/ 118 99 0.co20 /0 § ;;:: ,Qé Z 0
8% < <<
/ - L t B3¢ 0§ 3
“as AR | S
L/ < 3.2 Q @
200 98 / £Ef W U
/ 150 95 / ) g
Y <
7S um | 63— | 66 / :
eSS 4
% Passing ‘Fm@{' sleve Ey drfference Page .7 fZ...




CENTRAL LABORATORIES
- ¥ YWORKS BRI R e v st
A AA Consultancy Services Report No x093jas0

PARTICLE SI2E DISTRI RUTION

8 NZS 4402 :1956 fests 2.8.1,28.2,2.8.4  N2S 4407:199] tesk 2.8 3.8.2

- CLIENT... \WORKS \WELLINGTON . CONSULTANCY... SAMPLE no. 2293 [ . .
PROJECT..... . HQUEFACTIONY. .. STUDY............. TESTED BY .. .MIM
sourcE ..BH]. .. 2:0m SAMRE A .. . IURA. . P .. paTe ). V. 93

— DES@Q)P*TIONSAND.‘-.%X.\&g{qi\f\.,‘.{:brgf.eﬂr some. S . cHEckED BY L SW

5 TEST DETAILS  (Delete ron-applicable) DATE _\2.:.1:93.

HISTORY : NMATURAL. | AtRe ettt P iy g pepe A

DISPERSANT USED SORIUM . HEXAMETH PHOSPHATE. .. AH OF SUSPENSION ...« .. ........
PARTICLE SIZE ANALYSIS |
ALT. STD. /% HYDROM. | /o B3
SIEYE | s/evE | FINER ||sav.meRT. | FINER : P E
SIZE SIZE DIAM. : 52535
- ‘ i $35ss
i || 7ol / & il
i /T e / / - Q H
= H
§ [ ] 53 / / @ sz
: i S88ac
/ 375 / / Bl
| e 7 =y |
| | J ¥
/ 19.0 / / § \é :
22 / / & Ex oy
/ Zz iy O o~
/ q.5 / / Q - I
Z 22 N
&7 / Q %3 2
) E 2. < W
< 5, s t")
/ L / / z it 3 E =
28 : S
2 . 36mm| 2= / / g i§‘§ ..: -
o €3¢ > S
/ 118 fe'a) / _; :22 % 2w
=°5 < N
N 253 < = <
/ SCO/um 99 / = ’égé Z "*’\' Q
/ / g 23¢9z
e e Y Q
¢ 3:Z o o
200 a7 / egs ¥ Q
5
/ ISO 5¢ / < &
NG <
75um | 62— 10 / <
oS —

%% Passing finest sieve by ddfference Fage




NolLngldLlsid

3ZIS

31311 4vd

cC -

MS Aq paxyday)

61t

mc| Aq pajjoid

IA3IS Aeg=/ L3IM

IYNQXT  (NOL2AIWI I MG & — 08 THY

. FOANOS

61 "1l

WIE W[ Aq_paysal

SHS—O0g ‘W Hld3a

ATIULS

NOLLOVALZXD /7

1 LIFroYd

‘5N ONIMYYQ

jlva

JHYN

M\. €6-¢C &N 31dWYS

ADIVYLINSNOD NOLDY/TTINV]

SYXIOV

SLINFITD

Report
No erng3/3so

1IAYYHO

aNys

LIS

AY13

asJeod | Ul asJeol |

wn pauw

[ sy

9s.Jeod

wnipaw

auly

SNOILIYYd
1108

0L

sajpaulliw - 3215 I1I1L¥Yd

ol 9

-
-]
<

20:

l0:  900-

200-  100-

l

TYTTIITTITITIT

/

TIT

oy

asatatslasnesasselssnsassasiasssasssadasadasiny

R
= EE
Ssmmw
S0 E
= pedE
S 205k
Hm.,.%
S 35
vy 5= F
Omm
w o %
- 3
-

TITIITTT

B e SE ey S LTy "y ey SEmyvRRGIS FpApIpApAY S SV U

el bt Rl t e ] TNyt RIS PPN SETOIDNIIDS SEIY SRS

B R TR B e L LT T ) Ty P T Col T Yyt Sipuptipy s yus Py

.
VRPN SRS AU SU

AV

SL

GLE 6l 56

009

o=}
- 44
-

S 0¢

=
=

m
o

Wt

1= o~
2 o___\q_____ .
g B fhahaiate mhalindadesbed nhafiatadesheb dadiafbabetenl aliadediadindes nh Sl @ Htmaddad LB LT
\

3Z1S _ 3dNlyady  3IA3IS

ol

0l

0€

0y

0§

09

0L

SSYW A8 d3INI4 3J9VIN3IN3d

09

06

001

-
r—

L. .

-
=
y




NolLnglylsid 3ZIS  31311dvd

<6 1'¥l| MG | Ag payray) JATS  skEe / LIM NIVWOT (VALIFWITWS S72°0/— 00/ THZ 1 3FIINTS

AR 7] A 3jjo - -
MM.\\ u\ s§%w_\w >“ Us_umﬁ_ SA-o/— @O/ U H1d3O ADIUS  INOLLDVSINOIT 1L 23r0Yd

‘5N ONIMVYO 3lva JHYN H/Tb- T oN ITdHYS ADNVLINSNOD NOLONITTIEM  SXJ0M [ LNIITI2

AV AV AWORKS

Q
+ & TIAVHD Ovvs 111S 17| SNOTLIYYS
r ~ asseod | N asJeol | wn.paw | auly 95J480) wnipaw 3uly 110S
©C «u sspawiu - 3715 311L4Yd | .
p Q 09 0l 0 9 4 I 90 20 100 900 200-__10o-
ET T ! “ m m m : ! 3
Q VY IR m i
R O : m m : " : ” 101
E || _ “ _ ! _ m
4 VL L " m m m
3 ] _ u ; i “ ! r 100 3
w m | | m : “ m | =
g m ; m m : i m = g Z
m | Ll i i m “ % =]
3 E ! | “ " " “ " / “ =
i F " ! _ u _ ! ! v 3 0%
v i E " . m _ " i ! i / "
Q£ E : l ! ! ! ! ! ! pd z
= S - § [ 1 ] t ] 1 ] cm m
© L “ “ “ " ! " “ “ x
S if IR m " | \ ®
=978 F ST T Tt ! m " 7 09 =
S Bk " “ m “ " " " : _ x
S SR3E " “ ! i i : ; | \ >
S L : m : m ! ] ! ! 7 oL u
Q 35k ; m ! m m m “ “ /
Q Mmm 3 T : : T r : ! \ 08
O Yk " m ' ' : : | i \x\
g ] ! ! | m “ ; !
3 ; ] m “ m ; m 1 3 06
- j 1 m _ W j 111} 3 o0
SL Sl 61 56 Sl 0z e8| 009 00 05 £9
wuw wy
3Z1S__38NLY¥3dY__JIAIIS

—
-
i
-
.
.
-~
-
u
L

{ o N ;|




NOlLNGlyLsSId 3ZIS  37131L4vd
e ] MS | Aq payiay) NS &EE/ LIM Nd  WANH Y FHWYS WOz [HY - FOUN0S
£p 11T mow Aq pajoeyd - — /o310
<o 7w |k parsal o2 w Y1d3a AGNLS NOILDVALINI®IT7 | !
AIMALTINSNOD NQLINVTEM m,vQO\\Y JANITD
/

3N ONIMVY¥Q | 31¥0 | 3JHWN 1]€6-2 &N 31dHYVS

A ONYS 1115 T SNOTLJVY3
¥sJe0) _._m Y3 auly asJeod | wn paw | auly 3s.Je02 wnipaw Buly t}u 110S

ssgpawilw - 371S  31)1L8Vd
o 9 z b

0 10+ 900 200-  100-

0
=

Report
No e£093/350

‘)’\

09

TY

0L

l
: T “ ' ! :
E | | m ; m
T : m : f j 0!
|| | ” !
21— -y loe 3
3 ! “ o
: | | m a
: : | ! 108 F
“ m\ j0r -
E ! vy E o
E ) 1 3 —
: m i jos &
E " ! ©
w @
“ -~
m x
i >
w
wn

st

Phone (04} 883-119, Fax (04) 683-169
asisasasalacas

TYTITYITY

08

Hutt Park Road, PO Box 30-845, Lower Hutt, New Zealand

Consultancy Services

CENTRAL LABORATORIES

T~

A

¥ WORKS

{06

i B R e Lt eppty RN EpFEIRN PRSI N,

R SRR T gy S LT, PRty S TR TP WD SR

B gy g P

Ty

——
Rt

- . ; _ 00l
A SL GLE 6} G6 QLY 0¢ 8kl 009 00E 051 £9
ww wr
mN_m JUNLYIdY  IA3IS
L L e L L [ ) L ] o { ) L ] L L L ; J j J )




NolLNgld1sid

371S 31)114vd

G+

MS

AQ p}I3y)

S 1l

vacif

IA3IS Adg= [ LIM

labd ¥ aAnN>

WMSIL-0L

I HT

¢ ZI2AMN0S

Ag pajjold

NN

nicw

Aq pajsaj

S/t— Q4 'w Hid3a

ATIULS

(YO/LIVISANO!IT7

LI QY

‘sN  ONIMYYQ

alva

JHWYN

N\mm-w N 31dWVS

ADNVYLIOISNCD NQLDNNITTEMN

SHION

SALNIITO

Q.
+ & TIAVHY Ovvs NS 1v17] SNOILIVHd
r 2, asseod | vy asjeol | wn pauw [ aulj 3sJe03 wnipaw auly 110S
O o saspauIw - 3715 3101LHVd |
p m 09 0 o 9 A I 90 20 10-  900- 700-  100- 0
1 v i H | ' 1 1 _ 9
QL \b: E m ! m " m “
2t ; " ! “ | “ .
o - - : " ; : : _ 01
Z SN A ! | ! m
E } ' ' | 1 ! ' 3
o ! ! | ! ' | L
7 T " ; ” “ ) . 102
3 m | ! " m “ | ! L 3 3
E “ ; ! m " | ; " = E a
3 H " m _ “ | i m g {06 =
. F m m “ ! _ m m “ &
b A _n —HH oy W
o 2 F : ! ! m “ m ! 1%t m ™
S i E " | ! “ ! : ; ! 3 z
~ ”m 3 H t i T ] ] “ " E Om m
kL : “ ! " “ ! “ A 3 z
© 3 E ! | ] ! ! : ' ! ; :
L g9 “ ‘ “ : i : i ! 109 X
DOEE ! m ! | " m ) m
S Eoq “ ! i “ | ! . ! E x
=25 F ' , ' 1 ' ! “ p
..:lm. mmw" ' T N ' m ! “ / L i 0L W
® Hif m n m : ! " ! ! “
Q £ mﬂ I O A R " .\ m 1 09
<O T H w il
- ] “ m m m ; A | m
>, T m_ aEmiil P
- 3 ; m m ! W W _ A _ j R
< QL GLE 61 56 Gl 0z 8l 009 00€  0Sl £9
ww w
JZ1S  JHNLYIdY  IAIIS
= I 0 [0 — L L m ) ] ) ]




Appendix B

DEFINITION OF LIQUEFACTION TERMS

(American Society of Civil Engineers, 1978)
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JOURNAL OF THE
GEOTECHNICAL
ENGINEERING DIVISION

DerFINITION OF TERMS RELATED
TO LIQUEFACTION

By the Committee on Soil Dynamics of the
Geotechnical Engineering Division

INTRODUCTION

In the past decade or so, some important variations, discrepancies, and
ambiguities have developed in terminology used to describe the liquefaction
phenomenon and its effects. These terminology problems have hampered com-
munications within the geotechnical community and between technical disciplines
and have allowed the possibility of misunderstandings, misinterpretations, and
even misapplications. In an attempt to rectify this problem and bring unity
and comsistency in usage, the Geotechnical Division’s Committee on Soil
Dynamics has reviewed terms and definitions used in the past and prepared
a suggested list of recommended definitions.

Itis recognized that many engineers have strong opinions relating to definitions
and terminology. Consequently, the Committee on Soil Dynamics encourages
written discussion concerning the use and implication of these suggested terms
and definitions. It is hoped that this document and the ensuing discussions
will ultimately lead to the adaption of terms and definitions that will be used
consistently in geotechnical practice and reports. Additionally, it is suggested
that these definitions, after discussion and review, be added to or substituted
into glossaries and lists of nomenclature and that ASCE reviewers and editors
use them as a standard for ASCE publications.

The terms and definitions listed herein have received careful study and review
by the Committee on Soil Dynamics and by many other individuals who responded
to our open invitation to participate in the review of this document. General
agreement was achieved on the definitions selected for use, although there were
some dissenting opinions. Nonetheless, it is believed that these definitions provide

Note.—Discussion open until February 1, 1979. To extend the closing date one month,
a written request must be filed with the Editor of Technical Publications, ASCE. This
paper is part of the copyrighted Journal of the Geotechnical Engineering Division,
Proceedings of the American Society of Civil Engineers, Vol. 104, No. GT9, September,
1978. Manuscript was submitted for review for possible publication on June 3, 1978.

1197



L.

1198 SEPTEMBER 1978 GT9

an initial technical basis for communication and hopefully will generate further
discussion within the geotechnical community that will lead to further refinements.

Dersinimions

Liquefaction.—The act or process of transforming any substance into a liquid

(2). In cohesionless soils, the transformation is from a solid state to a liquefied
state as a consequence of increased pore pressure and reduced effective stress.

Comments.—Liquefaction is thus defined as a changing of state that is
independent of the initiating disturbance that could
wave, or shock loading,
also is independent of d
follow the transformatio

be a static, vibratory, sea
or a change in ground-water pressure. The definition
eformation or ground failure movements that might
n. Liquefaction always produces a transient loss of
shear resistance but does not always produce a longer-term reduction of shear
strength. The committee recommends that use be discontinued of definitions
that incorporate a modifier with the term liquefaction such as ““initial liquefac-
tion,” “‘cyclic liquefaction,” ““true liquefaction,” etc. The tendency to subdue
or drop such modifiers in routine usage has been a common source of confusion.

Related terms include the following.

Cyclic Strain Softening.—A stress-strain behavior under cyclic loading condi-
tions in which the ratio of strains to differential shear stresses increases with
each stress or strain cycle. In saturated undrained cohesionless soils cycle strain
softening is caused by increased pore-water pressure.

Comments.—Continued cyclic loading usually leads to increasing axial strains
and increasing pore-water pressures, but does not necessarily lead to loss of
ultimate shear strength if the material is dilative,

Pore Pressure Ratio.—The ratio, expressed as a percentage, of the change
of pore pressure, A u, (o either the initial effective minor principal stress, oy,
at the end of primary consolidation (normally used in cyclic triaxial compression
tests) or the vertical effective overburden pressure, o, (normally used in simple

shear tests and in field studies). The reporter must specify which ratio is being
used.

Peak Pore Pressure Ratio.—The maximum
a particular loading sequence.

Full or 100% Pore Pressure Ratio.—A condition i
G, as the case may be.

Comments.—In many contexts this term replaces the ambiguous term ““initial
liquefaction” which was used by some geotechnical engineers in the past.

Shear Strength.—The maximum resistance of soil or rock to shearing stresses
3).

Related terms include the following.

Cyclic Shear Resistance.—The level of cyclic stress required to produce
liquefaction or a given amount of strain in a specified rumber of loading cycles.

Comment.—This term replaces the term *‘cyclic shear strength.”

Normal Strain.—The change of length per unit length in a given direction
(). : ‘
Shear Strain.—The change in shape, expressed by the relative change of

the right angles at the corner of what was in the undeformed state an infinitesimally
small rectangle or cube (3).

pore pressure ratio measured during

n which A u equals &, or
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Comments on Normal and Shear Strain.—These are general strain terms that
can be applied to deformations in cohesionless soils either in the sclid or liquetied
states. They may be expressed either in terms of a dimensionless ratio or as
a percentage. The reporter must specify which form is being used.

Related terms include the following.

Peak Strain.—The maximum or minimum strain {from the origin or initial
state) produced during a particular loading sequence.

Comment.—In cyclically loaded triaxial tests the peak compressional axial
(normal) strain is usually reported; however, if the peak extensional axial strain
is larger than the peak compressional axial strain both axial strains should be
reported. The peak strain thus includes accumulated extensional or compressional
strains accrued during a test.

Peak to Peak Strain.—The difference between the maximum and the minimum
normal or shear strain during a given cycle under cyclic loading conditions.

Comment. —Under cyclic loading conditions it is often more convenient or
more pertinent to report peak to peak strain than peak strain. If the peak strains
are not symmetrical for symmetrically loaded tests, then the peak compressional
normal strain or positive shear strain should be given along with the peak o
peak strain.

Limited Flow Strain or Limited Flow Deformation.—Flow strains or deforma-
tions that commence following liquefaction but are arrested after a finite
displacement, usually as a consequence of a dilantancy caused pore pressure
drop and accompanying increase of effective stress. These deformations are
accompanied by transient loss of shear resistance rather than permanent loss
of shear strength.

Uulimited Flow Strain or Unlimited Flow Deformation.—Flow strains or de-
formations that commence following liquefaction and continue unabated under
undrained constant total stress conditions. These deformations are accompanied
by permanent loss of shear strength.

Comment.—This behavior has been called *“‘true liquefaction” by some
engineers in the past.

Ground Failure.—A permanent differential ground movement capable of
damaging or seriously endangering a structure,

Comment.—This term and the following related terms are applicable to field
behavior.

Related terms include the following.

Lateral Spread.—Distributed lateral extensional movements in a fractured mass
in which extension of a rock or soil results from liquefaction or plastic flow
of subjacent materials (4).

Flow Failure.—A form of slope movement involving the transport of earth
materials in a fluid-like manner over relatively long distances, at least several
tens of feet.

Sand Boil.—An ejection of sand and water caused by piping from a zone
of excess pore pressure within a soil mass.

Comments.—Sand boils commonly form during or immediately after earth-
quakes as pressures are relieved from liquefied or other zones or excess pore
pressures in subsurface saturated cohesionless soils. The term sand boil is
preferred to sand blow because the latter is used to describe other phenomena
such as the denudation of a local area by wind action (1.
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Note: See Figure 4 for location of Key Boreholes.
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